Chronic venous insufficiency may be complicated by ulceration of the skin of the involved extremity. The ulcers appear to be caused by the prolonged elevation of venous pressure in the leg and the resultant edema. A device is described that counterbalances exactly the elevated pressure in the veins of the leg, regardless of the position of the patient. This hydrostatic pressure stocking prevents formation of edema without interfering with the flow of blood through the tissues. The use of this device in the treatment of ulcers due to chronic venous insufficiency is also described.
CHRONIC venous insufficiency' is a relatively common2 syndrome that is caused by sustained elevation of the pressure in the veins of the dependent lower extremity. This high mean venous pressure results from inadequate closure of the valves in the veins during exercise of the muscles of the leg, especially if some of the venous channels are obstructed due to previous thrombophlebitis. [3] [4] [5] [6] [7] The high venous pressure is associated with an abnormally high capillary pressure, which is responsible in turn for the formation of edema in the tissues of the extremity.
The skin overlying these edematous areas may break down either following a minor injury or without apparent cause. Subsequently these small breaks in the skin tend to become large superficial ulcers. The question then arises as to whether the edema per se causes these ulcers by direct mechanical destruction of tissue or by separation of living cells from their immediate blood sup- ply. 8' 9 Alternatively, the primary cause of the ulceration may be infarction of the skin due to diminished flow of blood. A decrease in the flow of blood would presumably occur in the absence of proper functioning of the venous valves, which allow a contracting skeletal muscle to propel blood out of the From 
METHODS
The primary component of the device& for comipressing the leg was a knee-length, toeless stocking made of Nylon-cotton cloth. This stocking could be opened anteriorly with a zipper. It was fitted with laces along the lateral side to allow adjustment of its size. The size could also be adjusted across the dorsum of the foot. A watertight bladder was incorporated into the medial surface of the stocking. This bladder extended from the knee to a point just below the medial malleolus, and from the midline anteriorly to the midline posteriorly of the leg. A second smaller bladder was attached to the bladder in the stocking with 2 flexible rubber tubes 3 feet in length. There was an opening in the smaller bladder which was used to fill the entire system with 750 ml. of water. After the air was removed from the system this opening was closed. There were no valves in the system and the water could flow through the tubes from one bladder to the other. A strap was at-*Manufactured by the David Clark Company, Worcester, Mass.
tached to the smaller bladder so that it could be suspended beneath the axilla ( fig. I ).
Pressures were measured beneath the hydrostatic pressure stocking from a 3-by-1.5 en., flat, waterfilled, plastic capsule that had beeni placed between the skin and the stocking. This capsule was attached to a rigid plastic tube leading to a Stathamn P23D strain gage. Records were obtained with a Sanborn direct-writing oscillograph. Pressures were measured with the subject in the recumbent, sitting, and standing positions. Twelve points were used for these measurements in 3 subjects. These points were at the top, middle, and lower aspects of the leg anteriorly, posteriorly, laterally, and medially. The data are reported in terms of the difference between the observed and the predicted pressures. Pressures were predicted on the basis of the vertical distance between the capsule and the level of the center of the bladder in the axilla.
The hydrostatic pressure stocking was used as a sole means of therapy for 10 ambulatory patients with leg ulcers due to chronic venous insufficiency. The ulcer was covered with a sterile dressing held in place with gauze and adhesive tape. A knee-length elastic stocking was worn over this dressing, then the hydrostatic pressure stocking was placed on the leg and the smaller bladder was strapped beneath the axilla. The patient was instructed to wear the hydrostatic pressure stocking from the time that he got up in the morning until he retired at night. Some of the female patients wore an opaque cotton stocking over the hydrostatic pressure stocking while others preferred to wear slacks. Male patients wore an ordinary sock over the hydrostatic pressure stocking. Since the tubes that connected the 2 bladders were small and flexible, the patient could conveniently wear the entire device beneath his clothing. Special shoes were not required. The dressings were changed only as often as was necessitated by exudation from the ulcer surface.
RESULTS
Ten patients with chronic venous insufficiency associated with large ulcers of the skin of the leg were treated with the hydrostatic pressure stocking. All of the patients were urged to follow their usual daily routines.
Healing of the ulcers occurred in all of the patients. The However, a pressurizing device that adjusts itself to counterbalance exactly the venous pressure of the leg is the safest of the available methods for use in this circumstance. This form of compression reduces the effective local arterial pressure to the same extent that it reduces the effective local venous pressure, so that the effective gradient of pressure from artery to vein would not be altered. If the pressure used on the leg greatly exceeded that needed to counterbalance local venous pressure, then it would result in a further decrease in effective local arterial pressure without a further decrease in effective local venous pressure so that the arterial-to-venous gradient of pressure would be reduced and consequently a reduction of blood flow would occur. 10 It is evident that it would be theoretically advantageous to pressurize the leg of a patient with chronic venous insufficiency and ulceration of the skin from a column of water whose height is governed by the position of the patient. It was possible to incorporate a hydrostatically pressurized bladder into a stocking that could be worn for long periods of time without serious inconvenience to the patient. In fact several patients continued to be employed in full-time occupations during treatment with this hydrostatic pressure stocking. All of the patients treated with this device had complete healing of the ulcers. In some no further surgical procedures were indicated while others entered the hospital for definitive corrective surgery to the veins as soon as the ulcers were healed.
The pressures actually reflected onto the surface of the leg by the hydrostatic pressure stocking were, with minor variations, those that were predicted for the position of the patient. Ten patients with ulcer of the skin of the leg due to chronic venous insufficiency used the hydrostatic pressure stocking as a sole means of therapy while pursuing their usual daily activities. All of the ulcers healed completely with this treatment.
The rate of healing was as rapid as might have been expected with complete bedrest and elevation of the extremity.
The hydrostatic pressure stocking does not obviate the necessity of indicated surgery to the local venous system. This device may serve as a useful adjunct to surgery in that an ulcer can be healed prior to entrance into the hospital, thus reducing the chances of subsequent wound infections. The 
